.-Increases in the second messenger cAMP are associated with receptor-mediated ATP release from erythrocytes. In other signaling pathways, cAMPspecific phosphodiesterases (PDEs) hydrolyze this second messenger and thereby limit its biological actions. Although rabbit and human erythrocytes possess adenylyl cyclase and synthesize cAMP, their PDE activity is poorly characterized. It was reported previously that the prostacyclin analog iloprost stimulated receptor-mediated increases in cAMP in rabbit and human erythrocytes. However, the PDEs that hydrolyze erythrocyte cAMP synthesized in response to iloprost were not identified. PDE3 inhibitors were reported to augment increases in cAMP stimulated by prostacyclin analogs in platelets and pulmonary artery smooth muscle cells. Additionally, PDE3 activity was identified in embryonic avian erythrocytes, but the presence of this PDE in mammalian erythrocytes has not been investigated. Here, using Western blot analysis, we determined that PDE3B is a component of rabbit and human erythrocyte membranes. In addition, we report that the preincubation of rabbit and human erythrocytes with the PDE3 inhibitors milrinone and cilostazol potentiates iloprost-induced increases in cAMP. In addition, cilostamide, the parent compound of cilostazol, potentiated iloprost-induced increases in cAMP in human erythrocytes. These findings demonstrate that PDE3B is present in rabbit and human erythrocytes and are consistent with the hypothesis that PDE3 activity regulates cAMP levels associated with a signaling pathway activated by iloprost in these cells. adenylyl cyclase; cilostazol; milrinone; red blood cell; cyclic adenosine 3Ј,5Ј-monophosphate THE ERYTHROCYTE, BY VIRTUE of the hemoglobin that it contains, has long been recognized as a vehicle for oxygen (O 2 ) transport. In addition to this well-established role for the erythrocyte in the circulation, it has been shown that this cell can also participate in the regulation of vascular resistance via the release of ATP (5, 7-9, 16, 47, 49). Erythrocyte-derived ATP has been shown to be a stimulus for nitric oxide synthesis in the circulation of the lung as well as in the striated muscle (7, 47, 49) .
THE ERYTHROCYTE, BY VIRTUE of the hemoglobin that it contains, has long been recognized as a vehicle for oxygen (O 2 ) transport. In addition to this well-established role for the erythrocyte in the circulation, it has been shown that this cell can also participate in the regulation of vascular resistance via the release of ATP (5, 7-9, 16, 47, 49) . Erythrocyte-derived ATP has been shown to be a stimulus for nitric oxide synthesis in the circulation of the lung as well as in the striated muscle (7, 47, 49) .
Human and rabbit erythrocytes release ATP when exposed to reduced O 2 tension (5, 9, 28), mechanical deformation (46) , or when incubated with either ␤-adrenergic agonists or prostacyclin analogs (28, 29, 44, 45) . Importantly, it was demonstrated that increases in intracellular cyclic adenosine 3Ј,5Ј-monophosphate (cAMP) are required for ATP release from rabbit and human erythrocytes (48) . Thus the regulation of the concentration of cAMP within the erythrocyte is a critical control point for erythrocyte ATP release.
The second messenger cAMP is an important component of many cellular signal transduction pathways. The level of cAMP present within any cell is the product of its synthesis by adenylyl cyclases (ACs) and hydrolysis by phosphodiesterases (PDEs) (20) . Although once controversial, the presence of AC activity in the erythrocyte is now established (26, 36, 44, 50) . Nakagawa et al. (26) demonstrated that the stabilization of this enzyme during the isolation of erythrocyte membranes is critical to maintain enzyme activity. Recently, with the use of Western blot analysis, AC type II was identified in rabbit and human erythrocyte membranes (44, 50) . In support of a functional role for AC in erythrocytes, previous reports demonstrated that sodium fluoride, ␤-adrenergic agonists, or prostacyclin and its analogs stimulate cAMP synthesis in erythrocytes (17, 33, 36, 37) , and this cAMP can regulate intracellular magnesium (22) , hypotonic lysis (34) , and the filterability of these cells (53) . In addition, the incubation of erythrocytes with ␤-adrenergic agonists or prostacyclin analogs results in cAMP accumulation and ATP release (27, 28, 45, 48) .
Despite the fact that AC activity is clearly present in rabbit and human erythrocytes (26, 36, 44, 50) , the identity of PDEs that hydrolyze cAMP in these cells has not been characterized. The activity of PDE1 has been shown to be present in mammalian (human) erythrocytes; however, this PDE was shown to hydrolyze cyclic guanosine 3Ј,5Ј-monophosphate (cGMP), not cAMP (31) . PDE activity associated with the hydrolysis of cAMP has been described in rat (30) , human (31, 51) , rabbit (1), and embryonic avian erythrocytes (2) . However, only in embryonic avian erythrocytes has an individual PDE isoform (PDE3) associated with this activity been identified (2) . In the latter study, norepinephrine-and forskolin-induced increases in cAMP were potentiated by the PDE3 inhibitor milrinone (2) . However, the presence of the PDE3 protein was not demonstrated.
It has become increasingly clear that specific PDEs are associated with discrete signaling pathways (21, 35, 55) , yet there are no reports of PDEs associated with specific signaling pathways in mammalian erythrocytes. PDE3 activity has been associated with prostacyclin signaling in other cell types. Importantly, PDE3 inhibitors have been shown to potentiate vasodilatory effects of prostacyclin analogs in the pulmonary circulation (38, 39) .
Here we designed studies to establish that PDE3 is present in rabbit and human erythrocyte membranes and to determine whether this PDE participates in the regulation of receptormediated increases in cAMP. We report, for the first time, that PDE3B is a component of erythrocyte membranes of rabbits and humans and that inhibitors of PDE3 activity augment iloprost-induced increases in cAMP.
MATERIALS AND METHODS
Isolation of human and rabbit erythrocytes. Rabbit blood was obtained from male New Zealand white rabbits (2 to 3 kg, 10 -12 wk of age). The animals were anesthetized with ketamine (12.5 mg/kg) and xylazine (1.5 mg/kg) intramuscularly, and then intravenous pentobarbital sodium (10 mg/kg) was administered. After tracheal intubation, the animals were ventilated with room air (tidal volume, 10 ml/kg; and rate, 25 breaths/min). A catheter was placed in a carotid artery for the administration of heparin (500 units) and for blood removal. The animals were exsanguinated 10 min after heparin administration. Human blood was obtained by venipuncture using a syringe containing heparin (500 units). Blood was collected from nine females and 17 males with an average age of 39 Ϯ 3 yr (range, 21-66 yr). Protocols used to obtain blood from rabbits and humans were approved by the Institutional Animal Care and Use Committee and by the Institutional Review Board of Saint Louis University, respectively.
After collection, whole blood was centrifuged at 500 g at 4°C for 10 min and the plasma, buffy coat, and uppermost erythrocytes were removed by aspiration and discarded. The remaining erythrocytes were washed three times in wash buffer containing (in mM) 21 .0 tris(hydroxymethyl)aminomethane, 4.7 KCl, 2.0 CaCl 2, 140.5 NaCl, 1.2 MgSO4, and 5.5 glucose and 0.5% bovine albumin fraction V, final pH 7.4. Wright stains of erythrocytes prepared in this fashion reveal Ͻ1 leukocyte/50 high power fields (ϳ8 -10 leukocytes/mm 3 ). Cells were prepared on the day of use.
Preparation of erythrocyte membranes. Washed erythrocytes were diluted 1:100 with ice-cold hypotonic buffer containing 5 mM Tris ⅐ HCl and 2 mM EDTA, pH 7.4, and stirred vigorously at 4°C for 20 min. The lysate was centrifuged at 23,300 g for 15 min at 4°C. The supernatant was removed and discarded. The pellet containing the erythrocyte membranes was washed two times with ice-cold buffer and centrifuged. The membranes were resuspended in ice-cold buffer and frozen at Ϫ80°C. Membrane protein concentrations were determined using the BCA protein assay (Pierce, Rockford, IL).
Preparation of platelet membranes. Whole heparinized blood was centrifuged at 400 g for 10 min at 4°C. The supernatant containing platelets was collected, 0.5 ml heparin and 1 mg/ml EDTA were added, and the supernatant was recentrifuged for 40 min at 200 g at 4°C. The platelet-rich plasma was collected and centrifuged at 1,400 g for 20 min at 4°C. The supernatant was discarded and 200 ml of Western lysis buffer containing 25 mM HEPES, 300 mM NaCl, 10 mM EDTA, 1.5 mM MgCl 2 ⅐ 6H2O, 20 mM ␤-glycerophosphate, 0.1 mM sodium vanadate, and 1% Triton X-100 was added to the pellet and followed by sonication (10 s). After 15 min on ice, samples were centrifuged at 14,000 g for 20 min at 4°C. The supernatant was discarded, and the protein concentration of the pellet was determined using the BCA protein assay (Pierce).
Western blot analysis. Erythrocyte membranes were solubilized in SDS buffer containing 8% SDS, 60% glycerol, 0.25 M Tris ⅐ HCl (pH 6.8), 0.004% bromophenol blue, and 400 mM dithiothreitol, boiled, loaded onto a precast 7.5% acrylamide gel (Cambrex, East Rutherford, NJ), and subjected to electrophoresis at 150 volts for 90 min. Proteins were transferred to a polyvinylidene difluoride (PVDF) membrane (100 volts for 60 min) in buffer containing 25 mM Tris, 192 mM glycine, and 10% methanol. Membranes were blocked overnight and immunoblotted with a primary polyclonal antibody directed against an NH 2 terminus (human erythrocyte membranes) or COOH terminus (rabbit erythrocyte membranes) epitope of human PDE3B (Santa Cruz Biotechnology, Santa Cruz, CA), followed by incubation with an appropriate secondary antibody. Labeled proteins were visualized using enhanced chemiluminescence (Pierce).
Purified human PDE3B (Calbiochem, San Diego, CA) served as a positive control. The protein was diluted 1:1 with Laemmli sample buffer (2ϫ concentrate; Sigma-Aldrich, St. Louis, MO), boiled, loaded onto a precast gel, and subjected to electrophoresis. The proteins were transferred to a PVDF membrane as described above. The PVDF membrane was immunoblotted with an antibody directed against the NH 2 terminus of human PDE3B (Santa Cruz Biotechnology).
Platelets possess PDE3 activity (15) . To ensure that erythrocyte preparations are devoid of platelet contamination and confounding PDE3 activity from these cells, platelets were prepared for Western blot analysis along with erythrocyte membrane preparations. Both membrane preparations were probed with a platelet-specific marker (see Western blot analysis) (24) . Rabbit and human erythrocyte membranes were prepared as described above. Platelet membranes were solubilized and diluted 1:10 in SDS buffer (described above), boiled, loaded onto 7.5% precast gel (Cambrex), and subjected to electrophoresis along with erythrocyte membranes. The proteins were transferred to a PVDF membrane as described above. The PVDF membrane was immunoblotted with a monoclonal antibody directed against a platelet marker human integrin ␣IIb (CD41; Chemicon, Temecula, CA) and followed by incubation with an appropriate secondary antibody and visualization by chemiluminescence (Pierce).
Incubation of erythrocytes with pharmacological agents. Washed erythrocytes diluted to a 50% hematocrit (1 ml) were preincubated with a PDE inhibitor or its vehicle, NЈN-dimethylformamide (SigmaAldrich), for 30 min. The PDE inhibitors studied were the nonselective PDE inhibitor 3-isobutyl-1-methylxanthine (IBMX; 10 M; Sigma-Aldrich), the selective PDE1 inhibitor vinpocetine (30 M; Sigma-Aldrich), and the selective PDE3 inhibitors milrinone (20 M; Tocris, Ellisville, MO), cilostazol (10, 30, or 100 M; Sigma-Aldrich), or cilostamide (30 M; Tocris). Following preincubation with the PDE inhibitor, iloprost (1 M; Cayman, Ann Arbor, MI) was added to the cell suspension for 15 min. The reaction was stopped by the addition of 4 ml of ice-cold ethanol containing 1 mM HCl. Samples were then prepared for the determination of cAMP concentration.
Measurement of cAMP. After the addition of ice-cold ethanol-HCl, the samples were centrifuged at 14,000 g for 10 min at 4°C. The supernatant was removed and stored overnight at Ϫ20°C to precipitate the remaining proteins. This supernatant was centrifuged at 3,700 g for 10 min at 4°C. The final supernatant was removed and dried under vacuum centrifugation. The dried sample was reconstituted in assay buffer. The concentration of cAMP was determined using an enzyme immunoassay (GE Healthcare, Piscataway, NJ). Cell counts were obtained from erythrocytes at a hematocrit of 50%. The amounts of cAMP measured were normalized to 10 10 cells/ml. Data analysis. Statistical significance between groups was determined using ANOVA. In the event that the F ratio indicated that a change had occurred, a Fisher's least-significant difference test was performed to identify individual differences. Results were reported as means Ϯ SE.
RESULTS
Identification of PDE3B as a component of rabbit and human erythrocyte membranes. Although PDE3 activity was identified in embryonic avian erythrocytes (2) , there are no reports of this PDE in mammalian erythrocytes. As a first step in establishing a role for PDE3 in mammalian erythrocytes, we determined that PDE3 protein is present in rabbit and human erythrocytes. Cells were lysed, and the membrane fractions were isolated and resolved by Western blot analysis. Membranes were probed with one of two polyclonal antibodies directed against human PDE3B, the membrane-bound isoform of PDE3 (41, 42) . With the use of an antibody directed against the NH 2 terminus of human PDE3B, a band with the predicted molecular weight of PDE3B (135 kDa) (41) was identified in human erythrocyte membranes (Fig. 1, A and B) . A band at the same molecular weight was identified in rabbit erythrocyte membranes using an antibody directed against the COOH terminus of human PDE3B (Fig. 1B) . Importantly, we were able to identify PDE3B in both rabbit and human erythrocyte membrane preparations using either antibody (data not shown). The fact that two antibodies directed to two different epitopes of the PDE3B protein provides strong support that PDE3B is present in rabbit and human erythrocyte membranes.
Monocytes, lymphocytes, and eosinophils also possess PDE3B (12) . Using manual counting, we concluded that our erythrocyte preparations contain Ͻ10 leukocytes/mm 3 (data not shown). This finding, along with the fact that monocytes, lymphocytes, and eosinophils make up only 35% of the total leukocyte population (54) , precludes the interpretation that the presence of PDE3 observed in Western blot analyses of the erythrocyte membrane is due to leukocyte contamination.
Effect of a nonselective PDE inhibitor on iloprost-induced increases in cAMP in rabbit and human erythrocytes. Although PDE activity responsible for the hydrolysis of 3Ј5Ј-cAMP has been reported to be present in rabbit and human erythrocytes (1, 31, 51) , the isoform(s) responsible for this activity has not been identified. To determine whether the inhibition of PDE activity potentiates iloprost-induced increases in cAMP in erythrocytes, cells were incubated with iloprost (1 M) in the presence and absence of a nonselective PDE inhibitor, IBMX (10 M). Importantly, this concentration of IBMX was chosen because it did not affect basal cAMP levels. As shown in Fig. 2 , treatment with IBMX potentiated the effect of iloprost in rabbit ( Fig. 2A) and human (Fig. 2B) erythrocytes, demonstrating that PDE activity is present in these cells and regulates iloprost-induced increases in cAMP. However, these studies do not provide insights into which PDE isoform(s) are involved in this pathway.
Effect of selective inhibitors of PDE1 or PDE3 on iloprostinduced increases in cAMP in rabbit erythrocytes.
The only PDE activity previously identified in mammalian erythrocytes was that of PDE1, but this PDE was shown to metabolize cGMP (31) . To investigate the possible contribution of PDE1 activity to the regulation of iloprost-induced increases in cAMP in rabbit erythrocytes, cells were incubated with iloprost (1 M) in the presence and absence of a selective PDE1 inhibitor, vinpocetine (30 M; n ϭ 8) (20, 25) . Vinpocetine had no effect on either basal or iloprost-stimulated increases in cAMP (Table 1) . These results suggest that PDE1 does not regulate iloprost-induced cAMP increases in rabbit erythrocytes.
To determine whether PDE3 activity is involved in the regulation of cAMP increases stimulated by iloprost in rabbit erythrocytes, cells were incubated with iloprost (1 M) in the presence or absence of the PDE3 inhibitor milrinone (20 M; n ϭ 6) (19, 20) . The concentration of milrinone chosen had no effect on basal cAMP levels. As depicted in Fig. 3A , milrinone potentiated iloprost-induced cAMP increases by 22 Ϯ 5% (P Ͻ 0.05).
Milrinone has been reported to be a selective PDE3 inhibitor (19, 20, 41) . However, recent evidence from studies in cardiomyocytes indicates that milrinone can also inhibit PDE4 activity at low micromolar concentrations (40, 52) . Indeed, the greater increases in intracellular cAMP in response to treatment with milrinone compared with cilostazol in these cells were attributed to the ability of milrinone to inhibit both PDE3 and PDE4 (40) . To confirm that the inhibition of PDE3 potentiates iloprost-induced increases in cAMP, rabbit erythrocytes were preincubated with cilostazol, a chemically dissimilar selective PDE3 inhibitor, followed by iloprost (19, 20) . The concentrations of cilostazol used in these studies (10 to 100 M) have been reported to inhibit the activity of PDE3, but not PDE4 (6, 19) . At these concentrations, cilostazol had no effect on basal cAMP. Pretreatment with cilostazol (10 M; n ϭ 6) potentiated iloprost (1 M)-induced increases in cAMP produced by the incubation in rabbit erythrocytes (Fig. 3B ). Thus Fig. 1 . Identification of phosphodiesterase 3B (PDE 3B) in rabbit and human erythrocyte membranes. A: human erythrocyte membranes and purified human PDE3B were probed with a polyclonal antibody generated against the NH2 terminus of human PDE3B. B: rabbit and human erythrocyte membranes were probed with either a polyclonal antibody directed against the COOH terminus of human PDE3B (rabbit erythrocyte membranes, representative of 6 studies) or a polyclonal antibody generated against the NH2 terminus of human PDE3B (human erythrocyte membranes, representative of 14 studies).
two dissimilar inhibitors of PDE3 activity, milrinone and cilostazol, augment iloprost-induced increases in cAMP in rabbit erythrocytes.
Effect of selective inhibitors of PDE1 or PDE3 on iloprostinduced increases in cAMP in human erythrocytes.
As was the case with rabbit erythrocytes, the PDE1 selective inhibitor vinpocentine (30 M; n ϭ 6) (13, 25, 31) had no effect on either basal or iloprost-induced increases in cAMP in human erythrocytes (Table 1) . Since the PDE3 protein is present in membranes of both rabbit and human erythrocytes and inhibitors of this PDE potentiated iloprost-induced increases in cAMP in rabbit cells, we determined the effect of the PDE3 inhibitors milrinone and cilostazol on iloprost-induced increases in cAMP in human erythrocytes. Similar to the results with rabbit erythrocytes, 20 M milrinone potentiated iloprostinduced cAMP increases by 34 Ϯ 10% (n ϭ 6, P Ͻ 0.05; Fig. 4A ). Cilostazol potentiated iloprost-induced increases in cAMP in human erythrocytes at concentrations of 10, 30, and 100 M (Fig. 4B) . Importantly, at none of these concentrations did cilostazol produce increases in basal cAMP concentration (data not shown). In four additional studies with human erythrocytes, pretreatment with cilostamide (30 M; n ϭ 4), the parent compound of cilostazol (19) , augmented iloprost-induced increases in cAMP (Fig. 4C) and had no effect on basal cAMP levels. Taken together, these results provide strong support for the hypothesis that PDE3 activity modulates iloprost-induced increases in cAMP in both rabbit and human erythrocytes.
It is important to note that platelets also possess PDE3 activity. However, the isoform present in platelets is PDE3A (15) . To ensure that erythrocyte preparations were devoid of significant and potentially confounding platelet contamination, separate Western blot analyses of human erythrocyte membrane preparations were performed and probed with an antibody directed against a platelet marker, integrin ␣IIb (CD41) (24) . As shown in Fig. 4D , CD41 was detected in human platelet preparations but not in human erythrocyte membrane preparations. The CD41 antibody used for human erythrocyte membrane preparations does not react with rabbit platelet CD41, making it impossible to use this antibody to study the platelet contamination of rabbit erythrocyte membrane preparations. To address this important issue, we subjected washed rabbit erythrocyte preparations to manual platelet counting. Whole rabbit blood contained 320,000 Ϯ 13,000 platelets/ mm 3 . No platelets were detected in washed rabbit erythrocyte preparations (n ϭ 4).
DISCUSSION
The concentration of cAMP in cells is the product of its synthesis by ACs and the activity of PDEs that hydrolyze this important second messenger (20, 21) . In many cell types, the receptor-mediated activation of G protein-coupled receptors results in the stimulation of AC and synthesis of cAMP, a critical control point in the associated signaling pathway. cAMP-specific PDEs limit the biological actions of this second messenger and regulate the response of cells to external stimuli.
Initial reports suggested that the mature human erythrocyte possessed little or no AC activity (3, 10, 18, 43) . However, as the result of methodological improvements in the isolation of erythrocyte membranes and the measurement of cAMP, it was demonstrated that human and rabbit erythrocytes do indeed possess AC activity (17, 26, 29, 33, 44) . In these studies, the incubation of erythrocytes with prostacyclin analogs or ␤-adrenergic agonists resulted in increases in cAMP. However, no role for cAMP in erythrocyte signaling pathways was demonstrated. Recently, it was shown that the incubation of rabbit and human erythrocytes with ␤-adrenergic agonists or prostacyclin analogs results in receptor-mediated increases in cAMP (45) as well as the release of ATP (44, 45) . The finding that the incubation of rabbit and human erythrocytes with the active cell-permeable cAMP analog, Sp-cAMP, results in ATP release (48) demonstrates a relationship between intracellular cAMP and the release of ATP from these cells.
A signal transduction pathway that relates receptor-mediated increases in cAMP to ATP release from erythrocytes has been described (44, 45) . This pathway includes the heterotrimeric G protein Gs, AC, cAMP, and cAMP-dependent protein kinase (PKA) (29, 44, 47, 48) . The finding that increases in intracellular cAMP are required for ATP release from erythrocytes (48) suggests that the regulation of the concentration of this cyclic nucleotide would be a critical control point in this pathway. Thus the identification of the PDE(s) in erythrocytes that is associated with any specific signaling pathway would lead to a new understanding of the regulation of cAMP in this cell.
Of the 11 known PDE families, only the activity of PDE1 was reported to be present in human erythrocytes (31). PDE1 has three known subfamilies, and each can hydrolyze both cAMP and cGMP although the isoforms have different affinities for the two cyclic nucleotides (13, 20) . The only study identifying PDE1 activity in human erythrocytes demonstrated that this PDE hydrolyzed cGMP (31) . Here we report that the selective PDE1 inhibitor vinpocetine (13, 31) has no effect on iloprost-induced increases in cAMP in rabbit or human erythrocytes (Table 1) . Thus it is unlikely that PDE1 participates in the regulation of cAMP synthesized in response to the activation of this signaling pathway.
We next examined the contribution of PDE3 activity to the regulation of iloprost-induced increases in cAMP. PDE3 was chosen for study because this PDE has been reported to be associated with prostacyclin (IP) receptor signaling pathways in platelets (11) as well as vascular smooth muscle (32, 38, 39) . In addition, the PDE3 inhibitor milrinone was reported to potentiate cAMP increases stimulated by ␤-adrenergic agonists in avian embryonic erythrocytes (2) . However, neither the expression of PDE3 nor its role in the regulation of cAMP in a mammalian erythrocyte has been previously investigated.
To establish that PDE3 is present in rabbit and human erythrocytes, isolated membranes were probed with antibodies directed against the membrane-associated isoform of that PDE, PDE3B (42) . As depicted in Fig. 1 , we determined that these erythrocytes possess the PDE3B protein. PDE3B has been reported to be present not only in the plasma membrane of other cell types but also in membranes of endoplasmic reticulum, adipose tissue microsomes, and cardiac sarcoplasmic reticulum (4, 41, 42, 52) . However, because mature mammalian erythrocytes lack those organelles, we conclude that PDE3B is localized to the plasma membrane of erythrocytes of rabbits and humans.
Although these studies demonstrate for the first time the presence of the PDE3B protein in mammalian erythrocytes, they do not establish a function for this PDE in a signaling pathway. Clearly, PDE activity is associated with iloprostinduced increases in cAMP in rabbit and human erythrocytes, as demonstrated by the finding that the nonselective PDE inhibitor IBMX (10 M) (20) potentiates iloprost-induced increases in cAMP in both cell types (Fig. 2) . However, studies with IBMX do not permit the identification of the individual PDE family(s) that is involved.
The fact that mature, circulating erythrocytes do not possess a nucleus and lack protein synthetic capacity limits the methods available to manipulate the expression of PDEs in these cells. Therefore, we used selective inhibitors of PDE3 activity to define a role for this PDE as a regulator of iloprost-induced increases in cAMP in rabbit and human erythrocytes.
In the case of rabbit erythrocytes, cells were incubated with iloprost in the absence and presence of one of two chemically dissimilar, selective inhibitors of PDE3 activity, milrinone and cilostazol (19) . The concentrations of milrinone and cilostazol chosen had no effect on basal cAMP levels, yet both potentiated iloprost-induced increases in cAMP in rabbit erythrocytes (Fig. 3, A and B) .
To determine the contribution of PDE3 activity to the regulation of iloprost-induced increases in cAMP levels in human erythrocytes, cells were incubated with milrinone, cilostazol, or the parent compound of cilostazol, cilostamide (19, 20) . Pretreatment with milrinone or cilostamide augmented iloprost-induced increases in cAMP (Fig. 4, A and C) .
In addition, cilostazol also potentiated iloprost-induced increases in cAMP in human cells at 10, 30, and 100 M (Fig.  4B) . The ability of PDE3 inhibitors to potentiate iloprostinduced increases in cAMP in rabbit and human erythrocytes is consistent with the hypothesis that this PDE is involved in the regulation of IP receptor signaling in these cells.
Although these studies demonstrate that the PDE3B protein is a component of the membranes of rabbit and human erythrocytes and that inhibitors of the activity of PDE3 augment iloprost-induced increases in cAMP, these findings cannot establish unequivocally that PDE3B is the PDE3 isoform associated with the regulation of iloprost-induced increases in cAMP in this signaling pathway. Available PDE3 inhibitors are not isoform selective (19, 20, 41) . Another isoform of PDE3, PDE3A, is a cytosolic protein (41) . The large concentration of hemoglobin in the erythrocyte impairs the ability to identify cytosolic proteins by Western blot analysis. Therefore, we cannot exclude the possibility that PDE3A is also present and active in this pathway in erythrocytes. Notwithstanding, PDE3 activity clearly contributes to the regulation of iloprostinduced increases in cAMP in these cells.
In summary, in the work presented here, we demonstrate for the first time that the PDE3B protein is present in membranes of rabbit and human erythrocytes. Moreover, the results of the studies with inhibitors of PDE3 activity are consistent with the interpretation that PDE3 regulates iloprost-induced increases in rabbit and human erythrocyte cAMP. Increases in erythrocyte cAMP are associated with ATP release from this cell (48) . Erythrocyte-derived ATP has been shown to produce vasodilation in isolated lungs (47, 49) and isolated arterioles (5, 8) . Iloprost is used clinically in the treatment of pulmonary hypertension and peripheral vascular disease because of its vasodilator properties (14, 23) . The PDE3 inhibitor cilostazol is also used in the treatment of peripheral vascular disease (19) . Interestingly, PDE inhibitors, particularly those that inhibit PDE3 activity, have been shown to potentiate the ability of prostacyclin analogs to produce pulmonary vasodilation (38, 39) . The results presented here suggest a heretofore unrecognized mechanism by which iloprost and PDE3 inhibitors could interact to produce vasodilation in vivo. The ability of cilostazol to potentiate iloprost-induced cAMP increases in erythrocytes could augment ATP release from these cells and, thereby, stimulate vasodilation. Therefore, the identification of the PDE isoforms present in erythrocytes that are associated with specific signaling pathways could provide new therapeutic targets in the treatment of vascular disease.
